We have developed a prototype high energy gamma-ray CT system for nondestructive inspection of heavy industrial products using laser-Compton photon beam, which was generated with an 800 MeV electron storage ring, TERAS, of AIST-Tsukuba and with an intense laser light source. A description of the prototype system and experimental results of CT imaging are presented.
INTRODUCTION
X-ray radiography is not only used as medical diagnosis tools, hut also for industrial purposes, such as nondestructive inspection of industrial products. X-ray Computed Tomography (CT) is one of the most common and powerful tools for these applications. If the X-ray energy is sufficiently high, as high as that of the gammaray energy (typically, higher than a few MeV), the X-ray penetrates concretes and metals. High energy photon radiography is, then, a useful tool for a nondeshuctive inspection of hulk materials and metal die-casts. It is especially useful for an engineering process, so called the reverse engineering, which is one of the methods to improve the efficiency for a development of the industrial products, reducing the time to make various computeraided design models.
Photons with the energies ahout a few MeV are useful for the inspection of materials with high atomic numbers (hereafter, high-2 materials), such as iron, copper and lead, because the total attenuation coefficient [I] is minimum around these energies. The attenuation coefficients for lighter materials, or low-Z materials, such as water, tissues and concrete, decrease with increasing photon energy, and are almost constant above IO MeV. Radiography using photons over a few MeV is, then, almost free from the spectrum hardening effect and the metal artifact, and is useful for the inspection of various industrial products.
Laser Compton scattering (LCS) is one of the techniques to produce high energy intense photon beam [2] . Because the angular spread of the LCS photons is so small, on the order of a few m a d , that high resolution imaging of high-Z materials can be possible. One can obtain photons with good directionality and with narrow spectrum width, at the same time, by putting a collimator along the photon beam line, because the energy of the scattered-off photons via Compton scattering depends on the scattered angle, 02, as follows: 
EXPERIMENT

Description of the experimental setup
We have been developing the LCS photon radiography and CT systems [3, 41 at the LCS photon facility of National Institute of Advanced Industrial Science and Technology (AIST) at Tsukuba [5, 61, and installed a prototype CT system, recently. The photon facility serves experiment showed that the spatial resolution of the high Proceedings of the 2003 Panicle Accelerator Conference energy radiography system using IO MeV LCS photon beam was better than 1 mm [4] .
The CT experiments were done at the LCS-3 beam line of AIST-LCS photon facility. We used IO MeV LCS photon beam in the experiment using the commerciallyavailable NdYVOI laser (SPECTRA-PHYSICS, Millennia IR, TEMOO CW low). Figure 3 shows a schematic drawing of the hardware components for the prototype CT system installed in the LCS-3 beam line. Because the diameter and the divergence of the photon beam were very small, we designed the CT system as the 1" generation style. The distance of the sample object from the photon source (laser-electron collision point) is about 12 m. The sample object was put on a PC-controlled CT stage, which had three axes of motion; rotation, horizontal and vertical with respect to the photon beam. A large NaI(TI) scintillation detector (Sin x 12in) measures the energy and the intensity of the photons. It almost fully absorbs the photons with the energies up to 40 MeV. The 2"d collimator, which was placed behind the sample object not only defined the spectrum width and spatial resolution, but also reduced the background photons that were scattered-off from the sample object with small angles via the Compton scattering. We used a collimator of 2 mm inner diameter. The resulting beam diameter and the divergence are considered to be 1.8 mm and 80 prad, respectively, at the sample position. 
Sample object
We chose the RF tetrode tube "TH57lA" (THOMSON TUBES ELECTRONIQUES) as a sample object for the CT experiment, because it consisted of high-Z and low-Z materials and its inside structures were invisible from outside. The anode was put inside the iron vessel, and the cathode and grid structures were inside the ceramics insulator. This tube is usually used as a main amplifier for the RF power source of TERAS. Figure 4 shows the radiograph of the sample object around the electrodes [4] . The metal grids and cathode are clearly seen through the ceramic insulator. Because we were interested in the structure of the electrode, we decided to take the CT images around these regions. The 
Measurement results
It took about 1 hour to scan each of the slices. The measurements were done as follows:
Radiograph around the electrode of the Rotating the sample object and counting the number of photons within each of the preset angle (3.6 degree, for example) until the object turns 360 degree (which results in 100 angular projection points, for 3.6 degrees increment). Moving horizontally a preset step (1 mm, for example). Repeating the process 1 and 2, until the total travel distance reaches the preset value (100 mm, for example). fig. 4 . The CT images were reconstructed with the filtered backprojection method, off-line. The count-rate data were Fourier transformed using the Fast Fourier Transformation (FFT) algorithm, and convoluted with the filtering function. We used a step function with the highest cutoff frequency at the Nyquist frequency as the filtering function. The data in the Fourier regime were, then, inversely FFT followed by the coordinate exchange according to the standard tomography method. 
DISCUSSION
The present results obtained with the prototype CT system showed that we were able to build the high energy photon CT system for the inspection of bulky industrial products. However, we should improve the present CT system in accordance with the following points to meet with the criteria for a practical use:
1.
2.
Reduction of the data acquisition time Optimization of the spatial resolution The first point is critical, because the current CT system requires 1 hour to obtain an image data for 100 mm x 100 mm area. Several ideas to reduce the measurement time have been discussed. Some of them are to increase the photon intensity, and the other ones are to upgrade the system to the second-generation CT system with fanbeam configuration, using multiple detector system. We are interested in how to make the LCS photon beam in a fan-beam configuration, and are preparing for the feasibility study. The second point is also important. Because the space for the CT system installation is limited, some of the optimal geometric conditions to give the best spatial resolution may not be achieved. So, we should evaluate the spatial resolution of the present CT system in the current configuration, first, and, then, try to optimize the system to give the best performance.
SUMMARY
The high energy photon radiography and CT systems using the 10 MeV laser Compton photon beam of AIST-LCS facility has been developed, and the first CT experiment was done. The sample object was the RF tetrode tube made of iron, copper, ceramics, and so on. We were able to obtain the cross-sectional images of the sample object.
